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2 2 

TimeTime dependence of growth 
parametersparameters in latent growth curve 

modelsmodels with time-invariant 
covariatescovariates7 7 

Recently,, there has been renewed interest in the lack of invariance of growth 
parameterss in latent growth curve models. This lack of invariance is a consequence 
off  specific values of the growth parameters, initial s ta tus and growth rate, which 
dependd on the time scale. Different time scales lead to different est imates of the 
growthh parameters, as well as their (residual) variances and covariances. Thus far, 
noo explicit resul ts have been derived, however, on effects of exogenous covariates 
thatt are put into the relationship. In this chapter it is shown that the effect of 
covariatess on the initial s ta tus and growth rate wil l depend also on the time scale 
involved.. As a consequence, questions arise about the appropr iateness of a selected 
timee scale as wil l be i l lustrated by an empirical example. 

7Thee corresponding reference is: Stoel, R. D., & Van den Wittenboer, G. (2003). Time dependence of 
growthh parameters in latent growth curve models with time invariant covariates. Methods of 
PsychologicalPsychological Research, 8, 21-41. 
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2 .11 I n t r o d u c t i o n 

Latentt growth curve models {McArdle, 1986, 1988; Meredith & Tisak, 1990; Willett 
&&  Sayer, 1994) represent repeated measures of dependent variables as a function of 
t imee and other measures. The relative standing of an individual at a specific time 
pointt is modeled as a function of an underlying process, the parameter values of 
whichh vary randomly across individuals. Latent growth curve methodology can be 
usedd to investigate systematic change, or growth, and interindividual variability in 
thiss change. A special topic of interest is the correlation of the growth parameters, 
thee so-called initial s ta tus and growth rate, as well as their relation with time-
varyingg and t ime-invariant (e.g. IQ ) covariates. Good introduct ions of basic, as well 
ass more advance latent growth curve models are given by, for instance, Duncan, 
Duncan,, Strycker, Li and Alpert (1999), MacCallum, Kim, Malarkey and Kieholt-
Glaserr (1997), Muthén and Khoo (1998), Stoolmiller (1995), and Willett and Sayer 
(1994). . 

Althoughh latent growth curve methodology is not the only candidate for the 
analysiss of longitudinal data from a panel design, it is certainly an elegant and 
pars imoniouss way to represent systematic change. Alternative possibilities are 
autoregressivee models, and in particular the true individual change models of 
Steyer,, Eid and Schwenkmezger (1997) (see also McArdle, 2001; Steyer, Partchev & 
Shanahan,, 2000). Judg ing from the amount of applications (e.g. Chan, Ramey, 
Rameyy & Schmitt, 2000; Garst, Frese & Molenaar, 2000) and the amount of 
methodologicall  l i terature, however, latent growth curve methodology provides a 
generallyy accepted framework for the analysis of longitudinal data collected from a 
panell  design. 

Thee contention that conclusions drawn from latent growth curve analysis are 
sensitivee to the way time is incorporated in the model is less well documented. This 
lackk of invariance of the growth parameters can be seen as a consequence of the 
timee scale involved. When different t ime scales are incorporated in the models, 
differentt values of the initial s ta tus and the growth rate wil l be obtained, as well as 
off  their (residual) variances and covariances (Garst, 2000; Mehta & West, 2000; 
Rogosaa 8t Willett, 1985; Rovine & Molenaar, 1998; Rudinger & Rietz, 1998; 
Stoolmiller,, 1995). In the literature on latent growth curve models, however, no 
at tent ionn has been paid to the fact that estimated effects of exogenous covariates 
(e.g.. IQ) on the initial s ta tus and growth rate may also depend on the time scale 
involved.. Merely a short comment (Stoolmiller, 1995, p. 118) suggests the 
interference. . 

Inn this chapter, the mathematical relationship between the growth parameters 
andd t ime-invariant covariates as a function of the selected time scale wil l be 
derived.. In fact, the above relationship between time and growth parameters wil l be 
generalizedd to t ime-invariant covariates. Roots of the argument stem from Garst 
(2000),, who confined himself to the covariance of initial s ta tus and growth rate, and 
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aa slightly analogous problem has been discussed in the more general area of 
regressionn analysis for a variety of models8 (e.g. Aiken & West, 1991). 

Thoughh never investigated in the area of latent growth curve analysis, 
consequencess of the relationships are far-reaching: the time scale involved may 
affectt the conclusions based on the model. Referring to the increasing number of 
applicationss of growth curve models, it should be noted that the opportunities of 
latentt growth curve methodology, as well as the pitfalls, must be fully understood 
byy researchers, when selection of the time scale arises. 

Thee subsequent chapter is built up as follows. Section 2 provides a short 
descriptionn of latent growth curve models and illustrates the argument with a 
simplee example highlighting the lack of invariance of growth parameters. Section 3 
formallyy describes the way in which relations between growth parameters and 
possiblee covariates depend on the metric of the time scale used. In Section 4 an 
empiricall  example will be presented to illustrate the theoretical findings, and the 
chapterr ends up with a discussion of the practical implications. 

2.22 Tim e dependence in the linear  latent growth curve model 

Rogosa,, Brandt and Zimowski (1982) and Rogosa and Willett (1985) were the first 
whoo pointed out, in general, that there is a relation between the initial status and 
thee time at which it is defined. Different selections for the time of initial status in 
thee same data led to different correlations between initial status and growth rate, 
rangingg from zero to significantly positive or negative. In their conclusion they 
stated,, "there is no such thing as the correlation between change and initial status, 
althoughh the determination of a unique correlation seems to have been the goal of 
muchh empirical research" (Rogosa and Willett, p. 225). This explicit conclusion is 
bothh interesting and important, especially in the more specific area of latent growth 
curvee modeling, where the relations between intercepts, growth rates and covariates 
aree main topics of interest. Although mentioned briefly in several articles and 
handbookss (Duncan et al., 1999; McArdle, 1988; Rogosa, 1995; Willett & Sayer, 
1994),, a detailed analysis of the consequences and implications is still lacking. 
Recently,, renewed interest in the lack of invariance of the growth parameters in the 
linearr growth curve model has emerged (Garst, 2000; Mehta & West, 2000; Rovine 
&&  Molenaar, 1998; Rudinger & Rietz, 1998). Early ideas of Rogosa et al., and 
Rogosaa and Willett have been followed up, and provided some important insights. 
Thee crux of the problem stems from the fact that the initial status is not the natural 
originn in many social science applications, but that it is an occasion defined by 
factors,, other than the origin of the process one is investigating. Often, simply the 
scoress at first measurement occasion are taken as representing the initial status. 

Thee point of departure of this chapter is the latent growth curve model with 
one,, time-invariant, covariate. Extensions to more complex growth models are 
straightforward,, but not important to understand the main argument. The latent 

ss An interesting simulation example of the correlation between intercept and slope in regression 
analysiss can be found at the following web-address of the University of Leuven: 
http://www.kuleuven.ac.be/ucs/java/index.htm. . 
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growthh curve model with one time-invariant covariate can be expressed as a 
confirmatoryy factor model: 

JVijj  ^AoiTjoj+h i rjy + ty (2.1) 

where e 

tyjtyj = vb + m xj + fa (2.2) 
r?\j=r?\j=  v\ + yuXj + fa (2.3) 

I nn Equat ions 2.1 to 2.3, ytj refers to the measure of individual j on time point i that 
i ss predicted by two latent factors 770; and rjy, with Aoiand Anas their respective factor 
loadingss and residual . The stochastic variable x, represents the perfectly 
measuredd time-invariant covariate with expectation E(x) = 0. The complications 
inducedd by recognizing that XJ may be fallible are not important for understanding 
thee correlates of change (Rogosa & Willett, 1985, p. 205). The factors ipj and tjij, 
wit hh E{rjo)=vo; E(rji)=vi,  are predicted by Xj and two residuals fa and fa. Besides 
s tandardd assumpt ions of structural equat ion modeling (Bollen, 1989), the following 
addit ionall  assumpt ions are made: 

1.. The growth of each individual is linearly related to the passage of time. This 
assumpt ionn implies linear growth from the origin of the process (which may be 
outs idee the measured time interval) unt il the last measurement occasion, and the 
samee functional form for the growth curves of all individuals. 
2.. The assumpt ion of common causation: the sources of between-occasion variation 
andd of individual differences are identical (Mandys, Dolan & Molenaar, 1994). This 
assumpt ionn implies that the variation between individuals (within-group variance) 
m u stt be caused by the same factors as the variation in the means (between 
occasionn variance). 

Equat ionss 2.1 to 2.3 present the more general latent growth model (Meredith 
&&  Tisak, 1990}  that allows also for nonl inear growth curves. Linear growth, 
however,, requires certain parameters in the basis function (Meredith & Tisak, p. 
108)) to be constrained to specific values. To obtain the linear growth curve model, 
const ra in tss have to be placed on the factor loadings Aoi and An, also known as the 
bas iss functions defining the time scale. First, by constraining Aoi = 1, TJOJ becomes 
thee initial s ta tus factor, and by constraining Au= i, rjy becomes the linear growth 
ratee factor. If the growth rate factor represents a \anit of change', then each basis 
functionn coefficient represents the number of un i ts of change that occur between 
thatt occasion and the origin of the process (Rovine & Molenaar, 1998). 

Thee implied covariance matrix E of Equat ions 2.1 to 2.3 is: 

22 = Ay (TOr + ^ )A y ' + 0E (2.4) 
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wheree Ay is the (i x 2) matrix of basis function coefficients, T is the vector of 
regressionn coefficients relating the time-invariant covariate to the growth 
parameters,, <I> is a scalar representing the variance of the t ime-invariant covariate, 
*FF is the (2 x 2) covariance matr ix of the growth parameters, and @8 is the covariance 
matrixx of the residual terms eg. 

Ass an example, Figure 2.1 depicts a latent growth curve model with 4 
consecutivee measurements of a dependent variable y. The measurements of y sue 
expressedd as a function of a residual e and the two latent factors 770 and 771. By 
fixingg the basis functions at specific values 770 and 771 are given the interpretation of 
initiall  s ta tus and growth rate, respectively. Thus, 770 represents the expected status 
att the start of the process, and 71 represents the average growth rate of the true 
s tatuss over time. The covariance between initial s ta tus and growth rate is modelled, 
ass well as a perfectly measured time-invariant covariate x, covarying with both 770 
andd 771. In Figure 2.1 the Ao's are fixed at 1, and the fa's are fixed at 0, 1, 2, and 3, 
respectively.. With this specification the first measurement occasion ti corresponds 
too the origin of the process. 

Becausee there is seldom a natural origin of time in social science research, the 
interpretationn of the initial s ta tus is controlled by establishing the origin at an 
arbitraryy point in time (Willett and Sayer, 1994, p. 367). In Figure 2 .1, the origin is 
definedd at the first measurement occasion by fixing the loading of y\ on 771 to zero. 
Thee origin of the process is therefore identified at the first measurement occasion, 
whichh is the standard practice. If the loading of the first measurement occasion had 
beenn fixed at a value other than zero, the origin of the process would have been 
identifiedd at another point in time. 

FigureFigure 2.1: Simplified linear growth model with a fixed 
basiss function. 

Note.Note. Only the covariance structure is shown in this model. 
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Forr instance, suppose that our model describes the growth process of 
assertivenesss in adolescents on five consecutive yearly intervals. The age of all 
subjectss at the first measurement occasion is 12 years9. Fixing the loading of the 
Firstt measurement to zero in this case formally means that the process of 
assertivenesss starts at age 12. Another growth model for assertiveness could be a 
modell  in which the process starts right at the birth of an individual and, therefore, 
122 years prior to our first measurement. Although linearly extrapolating the growth 
curvee in this way involves certain risks, the argument can technically be 
incorporatedd in the growth model. In order to do so, one has to fix k\ to 12, 13, 14 
andd 15, respectively. Then, z/i represents the status of the subjects twelve years 
afterr the start of the process. In other words, the true initial status is shifted on the 
timee axis. The origin of the process is straightforward in this example. It is less 
straightforward,, however, in situations where there is no natural origin and 
researcherss have to define the origin of the process themselves. The consequences 
off  this can be serious, especially in situations where exogenous covariates are 
involvedd to explain the interindividual differences in the growth parameters. 

2.33 Transformations of the time scale 

Too show the effect of a different time scale on the growth parameters, it is assumed 
thatt the time scale % defined by [fi = 0, t2 = 1,..., tk=k-l], to be transformed into a 
neww time scale t* by the linear function in Equation 2.5. Extending the ideas of 
Garstt (2000), who confined himself to the initial status and growth rate, we will 
investigatee consequences of varying time scales of the form 

tf=atf=a + j3ti (2.5) 

onn the effect of time-invariant covariates. In Equation 2.5, a represents a shift on 
thee time axis and /? will be the scaling factor that represents a change in the unit of 
time.. The transformation of U corresponds to a transformation of the basis function 
inn Ay to Ay*: 

I" 11 ' ' 1 
11 h 

yy h_ 

1 1 

0 0 
a a 

P. P. 

11 a + /3t{' 

11 a + J3 t2 

11 a+0tk_ 

99 Mehta and West (2000) provide solutions when the age of the subjects is not equal at the first 
measurementt occasion. 
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If pp = 
11 a 

OO fi 
then n 

p-ii  = 

1 1 

0 0 

a a 

P P 
1 1 

PP . 

and d Ayy = Ay*  I»" 1 (2.7) ) 

Next,, the implied covariance matrix E of Equation 2.4 can be written as: 

Z - 0 EE = Ay*P * (T<Dr' + W) P r A y (2.8) ) 

whichh is equal to 

A/(T*Or ""  + T*) Ay (2.9) ) 

thee implied matrix E - ©e. 

Equationss 2.8 and Equation 2.9 show how the transformation P of the basis 
functionn is absorbed by the transformation P-1 of the matrix TOr'+^F. Since the 
matrixx r*C>r*'+ '̂*  provides the parameters of interest, we elaborate further on the 
identicall  matrix PMIW+Y) p-r, 

p-1(r*rVp)r r= = 

1 1 

0 0 

a a 

P P 
1 1 

PP \ 

7o o 

J\. J\. 
fro-fro- Yl] 

11 0 
2L2L I 

''  P P. 

P P 
\_ \_ 

P P 
V211 V22. 

rr  1 
a a 

II P 

0~| | 
1 1 

p\ p\ 

a a 

1 1 

ii 1* . 
<Pu <Pu 

aa 1 
2a2a a2 1 a 

11 a 
o2 o2 

(2.10) ) 

=P<t>P'+^ * * 
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Equat ionn 2.10 shows how the parameters in the growth model change as a function 
off  a transformation of the metric of the time scale. The transformed parameters can 
noww be expressed as a function of the original est imates: 

Yl=yYl=y00-y>-y> (2.ii) 

y,*=^y ,, (2-i2) 

**  2a a' ._ , _. 
Vnn = V i i - - T - V 2 i  + ~ ^ 7 ^2 ( 2 ' 1 3 ) 

V211 = - T ^ 2 i - - ^ r V , 22 (2 -1 4) 

^ 2 2 2 

/? 2 2 
(2.15) ) 

off  which Equations 2.11 and 2.12 refer to t ime-invariant covariates and Equat ions 
2.133 to 2.15 specify the relationship between initial s ta tus and growth rate already 
shownn in Garst (2000). From Equations 2.11 to 2.15 it is concluded that: 
1.. Multiplyin g the basis function with a constant ƒ? leads to a change of all the 
parameters.. Changing the time unit involved leads to a change in the values of all 
relevantt parameters. 
2.. Adding a constant a to the basis function, or subtracting, changes the residual 
var iancee of the initial s ta tus, the covariance between initial s ta tus and growth rate, 
andd the effect of the covariate on initial s ta tus. Stated more explicitly in terms of the 
topicc of this chapter, the relationship between the covariate and the initial s ta tus 
dependss linearly on 'shifts' of the time scale according to Equation 2.11 if the 
scal ingg factor p has been fixed. 

3.. The dependence of the growth parameters on the time scale holds only if there is 
var iancee in growth rates between subjects. If all individuals grow at the same rate, 
thee growth parameters do not change, because the variance of the growth rate then 
equalss zero (c.f. Rogosa, 1995). If the measurement unit (/J) of the time factor 
changes,, in the case of nonzero variance of the growth rate, all the growth 
parameterss change proportionally. A shift of the origin of the process (or), on the 
otherr hand, results in changes of some of the growth parameters only. Both 
changess are equally straightforward, but the effect of changes in a is less 
predictablee on intuitive grounds. It may potentially be more dangerous in applied 
sett ingss than the change of ƒ?. Therefore, the remainder of this chapter wil l mainly 
focuss on a change, and /? wil l be kept at a value of 1. 

4.. There exists a point in time t° (Rogosa & Willett, 1985) where the correlation 
betweenn initial s ta tus and growth rate equals zero. This point can be found, since 
rewrit ingg Equat ion 2.14 with ^21*= 0 and /?= 1, gives: 
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yi\-ayi\-a \fti = 0 (2.16a) ) 

or r 

a°=^-a°=^- (2.16b) 
V22 2 

Equationn 16b shows that the number of time uni ts we have to shift the time axis cfi, 
i ss equal to the ratio of the covariance between initial s ta tus and growth rate, and 
thee (residual) variance of the growth rate. To compute 19, we simply subtract cfi from 
thee first element of the basis function: 

f°° = /1 - a° (2.17) 

Inn any collection of l inear growth curves, the variance of t rue scores wil l be a 
quadrat icc function of time, with a min imum at f° (Mehta & West, 2000, p. 26), the 
timee point where the residual covariance between initial s ta tus and growth rate is 
equall  to zero. This is however not t rue if the growth rate is the same for all 
individualss (i.e. if the variance of the growth rate factor equals zero). 

2 .44 Growt h cu rv e a n a l y s is of e x a m p le data 

Too il lustrate the consequences of change in growth parameters, data are analyzed 
thatt were taken from the National Longitudinal Survey of Youth (NLSY) of Labor 
Markett Experience in Youth; a study initiated in 1979 by the U.S. Department of 
Laborr to examine the transit ion of young people into the labor force. The data were 
collectedd using face-to-face interviews of both child and mother taken in two-year 
intervalss between 1986 and 1992, making the measurement unit of time equal to 
twoo years. A detailed description of the data and data collecting procedures can be 
foundd in Baker, Keck, Mott and Quinlan (1993), and Curran (1997). The 
measurementss in the present example are from a battery of assessments of 
Curran1 0,, who presents the complete data of 261 children on four consecutive 
measuress of children's antisocial behavior, and one (time-invariant) measure of the 
degreee of cognitive stimulation provided to the child at home. Antisocial behavior 
wass measured using the Behavior Problems Index (BPI) antisocial behavior subtest 
(Bakerr et al.). It consists of the mother's report on six items concerning the child's 
antisociall  behavior during the last three months. The degree of cognitive 

100 The data can be found at http://www.unc.edu/~curran. 
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st imulat ionn provided to the child was assessed using the cognitive stimulation 
subscalee of the modified version of the Home Inventory (Baker et al.). It consists of 
144 dichotomously scored items as reported by the mother. Although we would 
preferablyy carry out the analysis using the observed item scores, we were not able 
too retrieve the raw data, leaving us with the s um scores, obtained by Curran. The 
generall  substant ive goal of the study from which the da ta were derived was to get a 
betterr unders tand ing of the relationship between parental emotional and cognitive 
support,, antisocial behavior of the child, and child reading recognition. In this way 
theyy at tempted to draw conclusions that might be interesting for developmental 
theoryy and may guide t reatment intervention research in this area. Bearing in mind 
thatt a subsample was used consisting of subjects with complete records on the sum 
scoress of a selected set of variables only, substant ive conclusions based on the 
resul tss presented here should be treated with care. On the other hand, our main 
objectivee is not a substant ive one, but to i l lustrate the relationship that has been 
derivedd in the previous paragraph. Table 2.1 shows the sample mean vector and the 
covariancee matr ix for the four measurement occasions of antisocial behavior and 
thee measure of cognitive stimulation. 

Tablee 2.1 
Samplee means and covariances of antisocial behavior (ti- U) and cognitive stimulation. 

Antisociall  behavior 
t\t\ h h U Cognitive Stimulation 

Meann vector 1.575 f7862 1.862 2.073 9.019 

Covariancee matrix 

t\t\ 2.101 

titi  1.395 3.435 

ftft  1.372 1.904 3.450 

UU 1.458 2.275 2.491 4.529 

Cognitivee stimulation -.357 -1.036 -.855 -1.163 6.319 

Note.. N = 261; Source: Curran (1997) 
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Thee growth curve models with different time axes are fit to the covariance 
matr ixx and mean vector of Table 2.1 using Uplus 1.04 (Muthén & Muthén, 1998). If 
thee values of the basis function are changed systematically, Table 2.2 shows that 
thee growth parameters change accordingly. It displays the relevant parameter 
est imatess of the six fitted models with different specifications of the time axis in the 
basiss function. The fitted growth models are equivalent, since they all yield the 
samee expected covariance matr ix. As a consequence, they all have the same fit 
measuress [x2(7, N = 261) = 6.925, p = .44; RMSEA=.000]. The difference between the 
modelss is found in the specification of the intercept of the basis function for the 
growthh rate {An). 

Beforee interpreting the results, the assumpt ion of common causat ion as 
suggestedd by Mandys et al. (1994) is tested first. Latent growth curve analysis 
implicitl yy assumes that both the mean structure and the covariance st ructure are 
too be produced by the same factors. This implies that the variation between 
individualss (within-group variance) must be produced by the same factors as the 
variationn between the means (between-occasion variance). Common causat ion may 
nott always be present, however. As advocated by Mandys et al., the assumpt ion 
shouldd always be tested whenever means are included in the model, as is the case 
inn latent growth curve analysis. The test of common causat ion is performed by 
comparingg the goodness of fit of a model with, and without a mean structure. Since 
modelss with mean st ructures are nested in models without mean structures, the j 2 

differencee goodness-of-fit test can be used. Using goodness-of-fit indices of a model 
wit hh and without a mean structure specified, the hierarchical likelihood ratio may 
testt the assumpt ion of common causation. 

Thee model without mean structure has the following fit measure x2 (5) = 4.59, 
pp = .47. When comput ing the difference with the mean structure (from Table 2.2), a 
chi-squaree difference of x2 (2) = 2.34, p =.31 results for the test of common 
causat ion.. Therefore it is concluded that there is no serious deterioration of the 
modell  fi t when means are included into the model, and that the assumpt ion of 
commonn causat ion becomes plausible. 

Givenn common causat ion, we may focus on transformations of the basis 
functionn by adding a constant. In other words, the effect of changing the point in 
timee of the initial s ta tus of the growth process gets into focus. The transformation of 
thee basis function with a constant may have several rationales. If the start of the 
growthh process corresponds to the t ime of the first measurement occasion, then 
Modell  1 has to be used. Model 2, 3 and 4 specify models in which the origin of the 
growthh process is located prior to the first measurement occasion. Technically it is 
alsoo possible to center the time scale (Model 5), or to use the last measurement 
occasionn as t he initial s ta tus' (Model 6). 

Ass can be est imated (or computed by hand from Equations 2.11 to 2.15), the 
growthh parameters change if the basis functions take other values. Table 2.2 shows 
clearlyy that a corresponding change c an be observed in the residual variance of the 
initiall  s ta tus (^n), the residual covariance between initial s ta tus and growth rate 
(y/21),(y/21), and the effect of the covariate on the initial s tatus (yb). Also included in the 
modell  are the expectations of the initial s tatus and growth rate (vt) and v\ 
respectively).. Change of MD is shown as well. 

38 8 



Thee column of Table 2.2, belonging to Model 1, shows the parameter est imates 
forr the model in which the first measurement occasion gets the value of zero. It 
representss the growth model with the origin of the process (the t rue initial status) 
definedd at the first measurement occasion. This model is taken as the base model to 
comparee with. Since the values of the basis function are specified as [0, 1, 2, 3], the 
parameterss have the straightforward interpretation that the first measurement 
occasionn corresponds with the true initial s ta tus. In addition, no assumpt ion has to 
bee made about the growth curve outside the observed time interval. From a 
statisticall  perspective this specification delivers the least complicated model, and 
withh respect to substantive goals it has the easiest interpretation. The t rue growth 
curvee has expectations 1.615 for the initial s ta tus (vb) and .150 (vi) for growth rate. 
Tablee 2.2 shows significant variation from these expectations [y/u = 1.224 and y/22 = 
.131),, and a significant negative effect of the covariate on both the initial s ta tus and 
growthh rate (70- -.080 and y\ = -.036). 

Usingg the parameter est imates of Model 1, it is possible to compute IP, the time 
pointt where y/21 equals zero (see Equat ions 2.16b and 2.17): a = .075/0.131 = .57; t° 
== 0-.57 = -.57. As can be seen t° is located .57 time uni ts prior to the first 
measurementt occasion. Column Model 2 of Table 2.2 shows the parameter 
est imatess for the growth model with f> = -.57 defined as the t rue origin of the 
process.. The estimated parameter values could also be computed by hand from 
Equationss 2.11 to 2.15. 

Ass can be seen, y/21 equals zero, and the residual variance of the initial s ta tus 
y/\iy/\i factor reaches the min imum value of 1.181, as predicted. The effect of the 
covariatee on the initial s ta tus is not significantly different from zero (}t = -.060), and 
thee est imate of the initial s ta tus is smaller (H) = 1.529) than in the base model. 
Thus,, in contrast to Model 1, Model 2 shows no effect of the covariate on the initial 
s ta tus. . 

Modell  3 and Model 4 of Table 2.2 define the initial s tatus prior to the first 
measurementt occasion and prior to (°. The basis function of Model 4 represents a 
timee scale with an initial s ta tus of 10 time uni ts prior to the first measurement 
occasion.. This would be a setting where the measures are taken at ages 10, 11, 12, 
andd 14. As shown by Equations 2.11 to 2.15, the residual variance of the initial 
s ta tuss increases, and the residual covariance between growth rate and initial s ta tus 
ass well as the estimate of the initial s ta tus changes from negative to positive. On the 
otherr hand, if the initial s ta tus is defined later than *° as in Model 5 and Model 6, 
thee residual variance of the initial s ta tus increases again (showing that f has 
minimumm variance indeed). The residual covariance and the est imate of the initial 
s ta tuss turn out to be increasingly positive by now, and the effect of the covariate on 
thee initial s tatus turns out to be negative. 

AA more detailed picture of the relationship is found in Figure 2.2 to 2.4, where 
plotss based on the data analysis are shown of estimated parameter values (y-axis) 
againstt values of a (x-axis). The relations of }t>  and y/21 with a in Figure 2.2 and 2.3 
aree perfectly linear. They show that the relationship, already postulated in 
Equationss 2.11 and 2.14 respectively, wil l be found exactly when a is shifted on the 
timee axis. Figure 2.4 depicts the relation between y/n and a, which is exactly the 
relationshipp according to Equation 2.13. ^n reaches a minimum value of 1.181 at 
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a=.57.. The residual covariance between the growth rate and the initial s tatus, as 
welll  as the residual variance of the initial s ta tus and the relation of a covariate with 
thee intercept react exactly on shifts of a on the time axis as predicted by the derived 
modell  equat ions. 

FigureFigure 2.2: Plot of the parameter est imates of yo against a. 
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FigureFigure 2.3: Plot of the parameter est imates of ^21 against a. 
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FigureFigure 2.4: Plot of the parameter est imates of y/u against a. 
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2.55 Discussion 

Rogosaa and Willett (1985) present a detailed discussion of the correlation between 
initiall  s ta tus and growth rate (see also Garst, 2000; Mehta & West, 2000; Rovine & 
Molenaar,, 1998). The argument is elaborated further in Rovine and Molenaar, 
showingg that the covariance also depends on the time scale if basis function values 
aree used to estimate the shape, or basis function, of the latent growth curve 
(Meredithh & Tisak, 1990). The analysis in this chapter shows explicitly that the 
argumentt must be extended to the effects of covariates: effects of covariates on the 
growthh parameters in linear latent growth curve models depend on the time scale 
involved.. Although latent growth curve methodology has been presented as a 
flexiblee framework to analyze longitudinal data, with the possibility to analyze 
systematicc differences in growth by including covariates, one should apparently 
bearr in mind that the est imates of the population parameters are sensitive to the 
incorporatedd time scale. Since maximum likelihood is a scale-free estimation 
methodd (Long, 1984, p. 58), transformations of the factor loadings wil l completely 
bee absorbed by corresponding changes in the factor (co)variances. They, therefore, 
yieldd the same expected covariance matrix, and thus the same fit measures. This 
typee of factor indeterminacy problem has been voiced in the past for the general 
latentt variable model (McArdle & Cattell, 1994; McDonald, 1985). However, we 
believee we make a un ique contribution by showing how, and why, this problem 
persistss in linear latent growth curve modeling. 

Whilee the time scale may be selected arbitrarily, for example by taking the first 
measurementt occasion as representing the initial s ta tus, the interpretation of the 
correspondingg parameter est imates is certainly not arbitrary. It is inextricably 
boundd to a specific time scale and a linear transformation of that scale leads to a 
changee of all parameters involved. It creates the same sort of confusion that has 
alreadyy been noted in the area of regression analysis (Aiken & West, 1991; Mehta & 
West,, 2000). 

Besidess effects on the residual variance and the grand mean of the initial 
s ta tuss factor, as well as the residual covariance between the initial s ta tus and the 
growthh rate, the resul ts of this chapter clearly show that effects of exogenous 
covariatess on the initial s ta tus have a conditional interpretation; i.e. conditional on 
thee selected time of initial s ta tus. Statistically these parameters can be estimated 
easily,, but their theoretical interpretation is ambiguous. Why is the residual 
covariancee between growth rate and the level computed at this specific point in 
time?? Why is the first measurement occasion taken as representing the initial 
s tatus?? A strong substant ive argument is needed to answer these quest ions. An 
examplee might come from intervention studies, where change as a result of the 
interventionn is expected only after the intervention. If such an argument cannot be 
presented,, the parameters represent nothing more than the est imates at an 
arbitraryy selected level of the process. A change in the time of the first 
measurementt might have serious consequences for the substant ive conclusions. 
Sincee part of the confusion might be due to the term 'initial s tatus ', it may be useful 
too employ the alternative term level' (McArdle & Hamagami, 1991; Rovine & 
Molenaar,, 1998). 
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Althoughh one can use this, in principle, as an advantage by studying how the 
relat ionshipp of the est imated level of an outcome with a covariate changes over 
t ime.. The gain in knowledge is limited because the changing relationship of the level 
andd the covariate is completely determined by its prior est imated value and the 
changee of the time scale (Equation 11). In addition, once the growth model has been 
specified,, and est imates of the level and growth rate factor have been obtained. The 
var iancee of the level, at any point of the process, can be computed by hand 
(Equationn 13). If one is really interested in investigating the relation of the level of a 
variablee and covariates, autoregressive models might be more appropriate. In 
addit ion,, if the interest is in the true change over consecutive occasions and 
interferingg covariates, t rue individual change models (McArdle, 2001; Steyer et al., 
1997;; Steyer et al., 2000) might even be a better alternative. In true individual 
changee models, the growth curve parameters are replaced by latent difference 
variabless (e.g. the latent difference between adjacent occasions). Subsequently, 
thesee latent difference variables can be explained by covariates. True individual 
changee models are beyond the scope of this chapter, however, because time is 
incorporatedd in a different way than in latent growth curve models. 

Inn linear latent growth curve models, the question is, essentially, whether 
theree exists a real initial s ta tus, or worded differently, if time is measured on a ratio 
scale.. If the assumpt ion of time being measured on a ratio scale has been violated, 
thee initial s ta tus can only be identified arbitrarily. In this case, growth already took 
placee before the first measurement occasion. In other words, subjects wil l have 
reachedd their level at the time of the initial s tatus, partly because of their past 
growth.. The si tuat ion is much different, however, if time is measured on a ratio 
scale.. Then, the process under investigation has a natural origin corresponding to 
thee first occasion of measurement (e.g. intervention research). If the subjects do not 
havee the same level at the outset, this wil l show up in the residual variance of the 
initiall  s ta tus. In that case, the effect of covariates, as well as the residual variance 
off  initial s ta tus and the residual covariance with growth rate and the effect of 
covariates,, have meaningful interpretations. 

Ass other researchers already pointed out in the case of non-equal linear 
growthh rates (Garst, 2000; Rogosa & Willett, 1985) there is no such thing as the 
covariancee between initial status and change. Any est imate of the residual 
covariancee between initial s ta tus and growth rate depends also on the selected 
basiss function. "If one assumes that the data are generated by an underlying 
processs that has a part icular covariance structure for the latent variables, one can 
onlyy expect the 'correct' correlation when the basis vector has been scaled in an 
opportunist icc fashion" (Rovine & Molenaar, 1998, p. 102). Over and above that, this 
chapterr shows that the effects of covariates must be included in this argument. The 
effectss of covariates on the growth parameters in the linear latent growth curve 
modell  depend also on the time scale of the growth model. Furthermore, it has been 
madee clear that there exists a point in time tP in any collection of growth curves, 
wheree the residual covariance between initial s tatus and growth rate must be equal 
too zero. At this point 19 the residual variance of the initial s ta tus reaches its 
min imumm value. So we provide an extra argument for Mehta and West (2000) who 
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proposee 19 to be thought of as an additional parameter of any collection of linear 
growthh curves. 

Usingg the results of Rovine and Molenaar (1998), and the equations of this 
chapterr for the linear latent growth curve model, it can be easily shown that the 
argumentt holds true also for latent growth curve models with an estimated basis 
function.. For latent growth curve models including higher-order polynomials (e.g. a 
quadraticc term) to control for the nonlinearity, the situation is more complicated, 
however.. The equations of this chapter will not be sufficient to describe the effect of 
changingg the initial status on the model parameters. More specifically, in a 
quadraticc model the variance of the level, the covariance between the level and 
linearr component, and the effect of the covariate on the level will change more 
complicatedd than described by Equations 2.11, 2.13 and 2.14. Also, in a quadratic 
model,, the variance of the linear component, and the effect of a covariate on the 
linearr component will change as a function of the time of initial status. 

Too conclude, it is apparent that problems of arbitrary time axes in the linear 
latentt growth curve model only arise if researchers overreach their goals in 
interpretingg the parameters related to the initial status. The initial status, however, 
iss meaningful only for growth processes with a natural origin. If the first 
measurementt occasion (or any other occasion) is arbitrarily defined as the initial 
status,, it will be advisable to abandon substantive interpretation of the 
correspondingg parameters, and to focus exclusively on the growth rate. After all, it 
iss growth, what we are after in latent growth curve modeling. 
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